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1. Evolution in Astronomical Disk Observations

ALMA in mm

JWST is coming soon

ALMA Partnership et al 2015

We can see planet-
forming regions

Kwon et al 2011
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OSIRIS-REx

Hayabusa

Rosetta

We can touch
planet-forming 

materials
Meteorites

2. Evolution in Space Engineering & Lab Experiments
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3. Evolution in the Number of Known (exo)Planets

We can characterize
(exo)planetary systems

Super-Earths
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Golden era of 
(exo)planetary 

sciences

A Comprehensive Examination of Planet Formation 
Covering the Full Size Range

Planet formation: 
Long journey 

from dust to planets
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A Comprehensive Examination of Planet Formation

Second Stage Third Stage



Magnetically Induced Disk Winds 
and Transport in the HL Tau Disk

in collaboration with
Satoshi Okuzumi (TokyoTech), Mario Flock (MPIA), Neal Turner (JPL)



HL Tau : a Class I/II YSO
           :  ~140 pc (< 1 Myrs)

The origin of observed gaps is not identified yet!!

Astonishing ALMA Images of HL Tau 
ALMA Partnership et al 2015,
also see Akiyama YH et al 2016

Nearly concentric 
multiple gaps in 
the dust thermal emission

Potential signature of 
planet formation



Disk accretion rate 
Hayashi et al 1993, Beck et al 2010 

=> can be explained by MRI and MHD turbulence

Global diffusion coefficient : 

' 10�7 � 10�6 M� yr�1

↵GL ' 10�2 � 10�1

ALMA Band 6+7

Global Properties of the HL Tau Disk

ALMA Partnership et al 2015
also see Akiyama et al 2016



Disk accretion rate 
Hayashi et al 1993, Beck et al 2010 

=> can be explained by MRI and MHD turbulence

Global diffusion coefficient : 

' 10�7 � 10�6 M� yr�1

↵GL ' 10�2 � 10�1

ALMA Band 6+7 No Dust Settling w/  Dust Settling

Vertical dust height: ~1au at r =100 au 
Local diffusion coefficient: 

Global Properties of the HL Tau Disk

Pinte et al 2016 ↵LC ⇠ 10�4
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1)How does the HL Tau disk 
keep a high disk accretion rate

without exciting local turbulence??

2) Why can the HL Tau disk avoid GI??



Magnetically Driven Disk Accretion
e.g., Armitage et al 2011, Bai & Stone 2013, Turner et al 2014, Suzuki et al 2016 

Magnetized Turbulence

Flock et al 2015

Magnetically Induced
Disk Winds

Simon et al 2013

B-fields

Weak Strong



B-fields

Weak Strong

Turbulence + Winds
Turbulence only

Simulation results from Simon et al 2013, Zhu et al 2015 are used

↵D : vertical mixing of dust
Hasegawa et al 2017

�0
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: the plasma beta



Turbulence + Winds
Turbulence only

Given that

Ṁ,
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B-fields

2. Dust height

1. Gas surface density



Turbulence + Winds
Turbulence only

Given that

Ṁ,
<latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit><latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit><latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit>

c2s (/ Td),
<latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit><latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit><latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit>

⌦(/
p
M⇤)

<latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit><latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit><latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit>

B-fields

2. Dust height

1. Gas surface density

⌃g =
Ṁ⌦

3⇡↵GLc2s
<latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit><latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit><latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit>



Turbulence + Winds ⌃g =
Ṁ⌦

3⇡↵GLc2s
<latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit><latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit><latexit sha1_base64="5zYzL3pNyj8mzLhVg7bPxbRFX08="></latexit>

Turbulence only

Given that

Ṁ,
<latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit><latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit><latexit sha1_base64="jPRZ3qSDxzzfpqHxQ1IuDphVABY=">AAAB7nicjVDLSgMxFL3js9ZX1aWbYBFcSJmKoO6KbtwIFRxbaIeSSTNtaCYZkztCGfoTblyouPV73Pk3po+FioIHAodz7uHenCiVwqLvf3hz8wuLS8uFleLq2vrGZmlr+9bqzDAeMC21aUbUcikUD1Cg5M3UcJpEkjeiwcXYb9xzY4VWNzhMeZjQnhKxYBSd1Gx3NeZXo8NOqVyt+BOQv0kZZqh3Su8uyrKEK2SSWtuq+imGOTUomOSjYjuzPKVsQHu85aiiCbdhPrl3RPad0iWxNu4pJBP1ayKnibXDJHKTCcW+/emNxd+8VobxaZgLlWbIFZsuijNJUJPx50lXGM5QDh2hzAh3K2F9aihDV1HxfyUER5Wzin99XK6dz9oowC7swQFU4QRqcAl1CICBhAd4gmfvznv0XrzX6eicN8vswDd4b59YjI+0</latexit>

c2s (/ Td),
<latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit><latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit><latexit sha1_base64="CwowRCCegf4WrMfCbvE/D6Bxmv0=">AAACAnicjVDLSgMxFM34rPU16k43wSJUkDItgrorunFZoWMLnXHIZNI2NMmEJCOUoeDGX3HjQsWtX+HOvzF9LFQUPHDhcM693HtPLBnVxvM+nLn5hcWl5cJKcXVtfWPT3dq+1mmmMPFxylLVjpEmjAriG2oYaUtFEI8ZacWDi7HfuiVK01Q0zVCSkKOeoF2KkbFS5O7iKA8Uh3p0U4PlQKpUmhQ2o+TwKHJL1Yo3AfyblMAMjch9D5IUZ5wIgxnSulP1pAlzpAzFjIyKQaaJRHiAeqRjqUCc6DCf/DCCB1ZJYDdVtoSBE/XrRI641kMe206OTF//9Mbib14nM93TMKdCZoYIPF3UzRi0b44DgQlVBBs2tARhRe2tEPeRQtjY2Ir/C8GvVc4q3tVxqX4+S6MA9sA+KIMqOAF1cAkawAcY3IEH8ASenXvn0XlxXqetc85sZgd8g/P2Cav2lnE=</latexit>

⌦(/
p
M⇤)

<latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit><latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit><latexit sha1_base64="t0asmWR1Z2FePNUwh1TwfXH0C6I=">AAACBXicjVDLSsNAFJ34rPUVdSnCYBGqi5KKoO6KbtyIFYwtNCFMppN26DzizEQooSs3/oobFypu/Qd3/o3Tx0JFwQMXDufcy733xCmj2njehzM1PTM7N19YKC4uLa+sumvr11pmChMfSyZVM0aaMCqIb6hhpJkqgnjMSCPunQ79xi1RmkpxZfopCTnqCJpQjIyVIncruOCkg2A5SJVMjYSBvlEmh+fRHhzsRm6pWvFGgH+TEpigHrnvQVvijBNhMENat6peasIcKUMxI4NikGmSItxDHdKyVCBOdJiP3hjAHau0YSKVLWHgSP06kSOudZ/HtpMj09U/vaH4m9fKTHIU5lSkmSECjxclGYP23WEmsE0VwYb1LUFYUXsrxF2kEDY2ueL/QvD3K8cV7/KgVDuZpFEAm2AblEEVHIIaOAN14AMM7sADeALPzr3z6Lw4r+PWKWcyswG+wXn7BOhQl60=</latexit>

2. Dust height

Hd =

✓
1 +

St

↵D

◆�1/2

Hg
<latexit sha1_base64="Vm5VmYuXnW4c14dhFFWw6djUkXc="></latexit><latexit sha1_base64="Vm5VmYuXnW4c14dhFFWw6djUkXc="></latexit><latexit sha1_base64="Vm5VmYuXnW4c14dhFFWw6djUkXc="></latexit>

St / a

⌃g
<latexit sha1_base64="IyxIgIXIFAbRJHupQ/17yvQjH78=">AAACC3icjVDLSgMxFM3UV62vqks3wSK4KlMR1F3RjctKHVvoDCWTZqaheZFkhDLMB7jxV9y4UHHrD7jzb0wfCxUFDwQO55zLzT2xYtRY3//wSguLS8sr5dXK2vrG5lZ1e+fGyExjEmDJpO7GyBBGBQkstYx0lSaIx4x04tHFxO/cEm2oFNd2rEjEUSpoQjGyTupXa20LQ6WlshKGiUY4R0UetmnKUT8PNYdpUbhUo+5PAf8mNTBHq199DwcSZ5wIixkyptfwlY1ypC3FjBSVMDNEITxCKek5KhAnJsqnxxTwwCkDmEjtnrBwqn6dyBE3Zsxjl+TIDs1PbyL+5vUym5xGORUqs0Tg2aIkY9BdPmkGDqgm2LKxIwhr6v4K8RC5Sqzrr/K/EoKj+lndvzquNc/nbZTBHtgHh6ABTkATXIIWCAAGd+ABPIFn79579F6811m05M1ndsE3eG+fp/iblQ==</latexit><latexit sha1_base64="IyxIgIXIFAbRJHupQ/17yvQjH78=">AAACC3icjVDLSgMxFM3UV62vqks3wSK4KlMR1F3RjctKHVvoDCWTZqaheZFkhDLMB7jxV9y4UHHrD7jzb0wfCxUFDwQO55zLzT2xYtRY3//wSguLS8sr5dXK2vrG5lZ1e+fGyExjEmDJpO7GyBBGBQkstYx0lSaIx4x04tHFxO/cEm2oFNd2rEjEUSpoQjGyTupXa20LQ6WlshKGiUY4R0UetmnKUT8PNYdpUbhUo+5PAf8mNTBHq199DwcSZ5wIixkyptfwlY1ypC3FjBSVMDNEITxCKek5KhAnJsqnxxTwwCkDmEjtnrBwqn6dyBE3Zsxjl+TIDs1PbyL+5vUym5xGORUqs0Tg2aIkY9BdPmkGDqgm2LKxIwhr6v4K8RC5Sqzrr/K/EoKj+lndvzquNc/nbZTBHtgHh6ABTkATXIIWCAAGd+ABPIFn79579F6811m05M1ndsE3eG+fp/iblQ==</latexit><latexit sha1_base64="IyxIgIXIFAbRJHupQ/17yvQjH78=">AAACC3icjVDLSgMxFM3UV62vqks3wSK4KlMR1F3RjctKHVvoDCWTZqaheZFkhDLMB7jxV9y4UHHrD7jzb0wfCxUFDwQO55zLzT2xYtRY3//wSguLS8sr5dXK2vrG5lZ1e+fGyExjEmDJpO7GyBBGBQkstYx0lSaIx4x04tHFxO/cEm2oFNd2rEjEUSpoQjGyTupXa20LQ6WlshKGiUY4R0UetmnKUT8PNYdpUbhUo+5PAf8mNTBHq199DwcSZ5wIixkyptfwlY1ypC3FjBSVMDNEITxCKek5KhAnJsqnxxTwwCkDmEjtnrBwqn6dyBE3Zsxjl+TIDs1PbyL+5vUym5xGORUqs0Tg2aIkY9BdPmkGDqgm2LKxIwhr6v4K8RC5Sqzrr/K/EoKj+lndvzquNc/nbZTBHtgHh6ABTkATXIIWCAAGd+ABPIFn79579F6811m05M1ndsE3eG+fp/iblQ==</latexit>

B-fields

1. Gas surface density



Ex) Resulting Disk Structures with Disk Winds

B-fields
B-fields

As B-fields are stronger,
surface density decreases

due to disk winds

Dust scale heights are
independent of B-fields

Results are obtained for given values of disk accretion rate, disk temperature



Ex) Resulting Disk Structures with Disk Winds

B-fields
B-fields

As B-fields are stronger,
surface density decreases

due to disk winds

Dust scale heights are
independent of B-fields

Results are obtained for given values of disk accretion rate, disk temperature

Focus on the HL Tau disk
Inversely solve the problem

1. Find      with which                 2. Find     with which         
       marginally avoids GI               the dust size satisfies
                                                   
⌃g
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Hd = 1 au
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Turbulence only Turbulence + Winds

Results at r = 100 au

Results are obtained for given values of disk accretion rate, disk temperature



Q=Q=

GI unstable

Results at r = 100 au

Results are obtained for given values of disk accretion rate, disk temperature

B-fields

⌃g

B-fields

Turbulence only Turbulence + Winds



Q=Q=

GI unstable

Results at r = 100 au

Results are obtained for given values of disk accretion rate, disk temperature

B-fields

⌃g

Thick dusty 
layer

Turbulence only Turbulence + Winds

B-fields



Q=Q=

GI unstable

20 mm-sized dust is needed
to reproduce ALMA image  

Q= Q= Q=

4 mm-sized dust is needed
to reproduce ALMA image 

Smaller

Results are obtained for given values of disk accretion rate, disk temperature

B-fields B-fields

⌃g ⌃g

↵
due to winds

Results at r = 100 au

Thick dusty 
layer

Turbulence only Turbulence + Winds



Resulting Global Structure of the HL Tau Disk

Disk winds transport the most of angular momentum  
(50-80 %) across the entire region of the disk

The gas-to-dust rate varies along the distance from the star
(lower in the inner region & higher in the outer region)



Next Step

B-fields Dust
Size

JVLA
Data

Turbulence

Kataoka et al 2017, Stephens et al 2017

Polarization Origin of dust gaps

ALMA Partnership et al 2015
also see Akiyama et al 2016



Summary
• ALMA observations of the HL Tau disk can advance our 

understanding of disk evolution

• Subsequent radiative transfer modeling suggests a higher 
degree of dust settling for the actively accreting disk

• Developed the simple, semi-analytical model, taking into 
account magnetically induced disk winds

• Our results indicate the importance of magnetically 
induced disk winds to fully reproduce the global 
configuration

• Followup work will be performed to obtain a better 
understanding of polarization observations and to identify 
the origins of observed multiple gaps in the HL Tau disk

Hasegawa et al 2017, ApJ, 845, 31 



The Origin of the Heavy Element
Content Trend in Giant Planets

Thorngren et al 2016

in collaboration with
Geoff Bryden, Masahiro Ikoma, Gautam Vasisht, Mark Swain



Thorngren et al 2016

How do Planets form? 



Estimate of the heavy element mass in 
observed exoplanets

Target selection: relatively cool close-in exoplanets

Distribute heavy elements in cores and envelopes,
and compute the radius evolution of planets

e.g., Guillot et al 2006; Miller & Fortney 2011; Thorngren et al 2016



Results of Thorngren et al 2016 (T16)

MZ
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: the total heavy element mass in planets with the mass of Mp
<latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit><latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit><latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit>

Zs
<latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit>

: the metallicity of the host star 

=>        and       are almost independent ofMZ
<latexit sha1_base64="jJhM5CuvonG0RzoY2h6oQwBSOj0=">AAAB6XicjVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0TXBZAmzk95kyMzsMjMrhCWf4MWDilf/yJt/4+RxUFGwoKGo6qa7K0oFN9b3P7y5+YXFpeXCSnF1bX1js7S1fWuSTDMMWCIS3YyoQcEVBpZbgc1UI5WRwEY0OB/7jXvUhifqxg5TDCXtKR5zRq2Tri87d51SuVrxJyB/kzLMUO+U3tvdhGUSlWWCGtOq+qkNc6otZwJHxXZmMKVsQHvYclRRiSbMJ6eOyL5TuiROtCtlyUT9OpFTacxQRq5TUts3P72x+JvXymx8EuZcpZlFxaaL4kwQm5Dx36TLNTIrho5Qprm7lbA+1ZRZl07xfyEEh5XTin91VK6dzdIowC7swQFU4RhqcAF1CIBBDx7gCZ494T16L97rtHXOm83swDd4b596KY10</latexit><latexit sha1_base64="jJhM5CuvonG0RzoY2h6oQwBSOj0=">AAAB6XicjVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0TXBZAmzk95kyMzsMjMrhCWf4MWDilf/yJt/4+RxUFGwoKGo6qa7K0oFN9b3P7y5+YXFpeXCSnF1bX1js7S1fWuSTDMMWCIS3YyoQcEVBpZbgc1UI5WRwEY0OB/7jXvUhifqxg5TDCXtKR5zRq2Tri87d51SuVrxJyB/kzLMUO+U3tvdhGUSlWWCGtOq+qkNc6otZwJHxXZmMKVsQHvYclRRiSbMJ6eOyL5TuiROtCtlyUT9OpFTacxQRq5TUts3P72x+JvXymx8EuZcpZlFxaaL4kwQm5Dx36TLNTIrho5Qprm7lbA+1ZRZl07xfyEEh5XTin91VK6dzdIowC7swQFU4RhqcAF1CIBBDx7gCZ494T16L97rtHXOm83swDd4b596KY10</latexit><latexit sha1_base64="jJhM5CuvonG0RzoY2h6oQwBSOj0=">AAAB6XicjVDLSgNBEOz1GeMr6tHLYBA8hY0I6i3oxYsQ0TXBZAmzk95kyMzsMjMrhCWf4MWDilf/yJt/4+RxUFGwoKGo6qa7K0oFN9b3P7y5+YXFpeXCSnF1bX1js7S1fWuSTDMMWCIS3YyoQcEVBpZbgc1UI5WRwEY0OB/7jXvUhifqxg5TDCXtKR5zRq2Tri87d51SuVrxJyB/kzLMUO+U3tvdhGUSlWWCGtOq+qkNc6otZwJHxXZmMKVsQHvYclRRiSbMJ6eOyL5TuiROtCtlyUT9OpFTacxQRq5TUts3P72x+JvXymx8EuZcpZlFxaaL4kwQm5Dx36TLNTIrho5Qprm7lbA+1ZRZl07xfyEEh5XTin91VK6dzdIowC7swQFU4RhqcAF1CIBBDx7gCZ494T16L97rtHXOm83swDd4b596KY10</latexit>

Mp
<latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit><latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit><latexit sha1_base64="BcvDfNiRVYbZ52Mhyvqa44FYYik=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BL16EiK4JJEuYnfQmQ2Znh5lZISz5BC8eVLz6R978GyePg4qCBQ1FVTfdXZES3Fjf//AKC4tLyyvF1dLa+sbmVnl7586kmWYYsFSkuhVRg4JLDCy3AltKI00igc1oeDHxm/eoDU/lrR0pDBPalzzmjFon3Vx1VbdcqVX9KcjfpAJzNLrl904vZVmC0jJBjWnXfGXDnGrLmcBxqZMZVJQNaR/bjkqaoAnz6aljcuCUHolT7UpaMlW/TuQ0MWaURK4zoXZgfnoT8Tevndn4NMy5VJlFyWaL4kwQm5LJ36THNTIrRo5Qprm7lbAB1ZRZl07pfyEER9Wzqn99XKmfz9Mowh7swyHU4ATqcAkNCIBBHx7gCZ494T16L97rrLXgzWd24Ru8t0+ba42K</latexit>

Zs
<latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit><latexit sha1_base64="485RF0k+rsOGPNO+J2Mgac0Ebho=">AAAB6XicjVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juiaYLGF20psMmZ1ZZmaFsOQTvHhQ8eofefNvnDwOKgoWNBRV3XR3Rangxvr+h1dYWFxaXimultbWNza3yts7t0ZlmmHAlFC6FVGDgksMLLcCW6lGmkQCm9HwYuI371EbruSNHaUYJrQvecwZtU66vuuabrlSq/pTkL9JBeZodMvvnZ5iWYLSMkGNadf81IY51ZYzgeNSJzOYUjakfWw7KmmCJsynp47JgVN6JFbalbRkqn6dyGlizCiJXGdC7cD89Cbib147s/FpmHOZZhYlmy2KM0GsIpO/SY9rZFaMHKFMc3crYQOqKbMundL/QgiOqmdV/+q4Uj+fp1GEPdiHQ6jBCdThEhoQAIM+PMATPHvCe/RevNdZa8Gbz+zCN3hvn7O1jZo=</latexit>

MZ / M�
p with � = 0.61± 0.08 ' 3/5

<latexit sha1_base64="ysbCcu7GjvGf4vjvRTLBUmCt/3U="></latexit><latexit sha1_base64="ysbCcu7GjvGf4vjvRTLBUmCt/3U="></latexit><latexit sha1_base64="ysbCcu7GjvGf4vjvRTLBUmCt/3U="></latexit><latexit sha1_base64="ysbCcu7GjvGf4vjvRTLBUmCt/3U="></latexit>

Zp

Zs
=

MZ

MpZs
/ M�

p with � = �0.45± 0.09 ' �2/5
<latexit sha1_base64="SLiVrE0Fk2dSPJiL9L26wmUjLAs="></latexit><latexit sha1_base64="SLiVrE0Fk2dSPJiL9L26wmUjLAs="></latexit><latexit sha1_base64="SLiVrE0Fk2dSPJiL9L26wmUjLAs="></latexit><latexit sha1_base64="SLiVrE0Fk2dSPJiL9L26wmUjLAs="></latexit>

�� 1 ' �
<latexit sha1_base64="MfnfTq9G+y7fuuoZvXPjR/k4wL4=">AAAB/3icjVDLSsNAFJ3UV62vqODGzWAR3FgSEXRZdKHLCvYBTSg305t26EwSZyZCiV34K25cKOLW33Dn35g+FioKHrhwOOde7uEEieDaOM6HVZibX1hcKi6XVlbX1jfsza2GjlPFsM5iEatWABoFj7BuuBHYShSCDAQ2g8H52G/eotI8jq7NMEFfQi/iIWdgcqlj73gXICXQQ5d6mku8oV6ABjp22a04E9C/SZnMUOvY7143ZqnEyDABWrddJzF+BspwJnBU8lKNCbAB9LCd0wgkaj+b5B/R/Vzp0jBW+USGTtSvFxlIrYcyyDclmL7+6Y3F37x2asJTP+NRkhqM2PRRmApqYjoug3a5QmbEMCfAFM+zUtYHBczklZX+V0LjqOI6FffquFw9m9VRJLtkjxwQl5yQKrkkNVInjNyRB/JEnq1769F6sV6nqwVrdrNNvsF6+wRHQpT6</latexit><latexit sha1_base64="MfnfTq9G+y7fuuoZvXPjR/k4wL4=">AAAB/3icjVDLSsNAFJ3UV62vqODGzWAR3FgSEXRZdKHLCvYBTSg305t26EwSZyZCiV34K25cKOLW33Dn35g+FioKHrhwOOde7uEEieDaOM6HVZibX1hcKi6XVlbX1jfsza2GjlPFsM5iEatWABoFj7BuuBHYShSCDAQ2g8H52G/eotI8jq7NMEFfQi/iIWdgcqlj73gXICXQQ5d6mku8oV6ABjp22a04E9C/SZnMUOvY7143ZqnEyDABWrddJzF+BspwJnBU8lKNCbAB9LCd0wgkaj+b5B/R/Vzp0jBW+USGTtSvFxlIrYcyyDclmL7+6Y3F37x2asJTP+NRkhqM2PRRmApqYjoug3a5QmbEMCfAFM+zUtYHBczklZX+V0LjqOI6FffquFw9m9VRJLtkjxwQl5yQKrkkNVInjNyRB/JEnq1769F6sV6nqwVrdrNNvsF6+wRHQpT6</latexit><latexit sha1_base64="MfnfTq9G+y7fuuoZvXPjR/k4wL4=">AAAB/3icjVDLSsNAFJ3UV62vqODGzWAR3FgSEXRZdKHLCvYBTSg305t26EwSZyZCiV34K25cKOLW33Dn35g+FioKHrhwOOde7uEEieDaOM6HVZibX1hcKi6XVlbX1jfsza2GjlPFsM5iEatWABoFj7BuuBHYShSCDAQ2g8H52G/eotI8jq7NMEFfQi/iIWdgcqlj73gXICXQQ5d6mku8oV6ABjp22a04E9C/SZnMUOvY7143ZqnEyDABWrddJzF+BspwJnBU8lKNCbAB9LCd0wgkaj+b5B/R/Vzp0jBW+USGTtSvFxlIrYcyyDclmL7+6Y3F37x2asJTP+NRkhqM2PRRmApqYjoug3a5QmbEMCfAFM+zUtYHBczklZX+V0LjqOI6FffquFw9m9VRJLtkjxwQl5yQKrkkNVInjNyRB/JEnq1769F6sV6nqwVrdrNNvsF6+wRHQpT6</latexit><latexit sha1_base64="MfnfTq9G+y7fuuoZvXPjR/k4wL4=">AAAB/3icjVDLSsNAFJ3UV62vqODGzWAR3FgSEXRZdKHLCvYBTSg305t26EwSZyZCiV34K25cKOLW33Dn35g+FioKHrhwOOde7uEEieDaOM6HVZibX1hcKi6XVlbX1jfsza2GjlPFsM5iEatWABoFj7BuuBHYShSCDAQ2g8H52G/eotI8jq7NMEFfQi/iIWdgcqlj73gXICXQQ5d6mku8oV6ABjp22a04E9C/SZnMUOvY7143ZqnEyDABWrddJzF+BspwJnBU8lKNCbAB9LCd0wgkaj+b5B/R/Vzp0jBW+USGTtSvFxlIrYcyyDclmL7+6Y3F37x2asJTP+NRkhqM2PRRmApqYjoug3a5QmbEMCfAFM+zUtYHBczklZX+V0LjqOI6FffquFw9m9VRJLtkjxwQl5yQKrkkNVInjNyRB/JEnq1769F6sV6nqwVrdrNNvsF6+wRHQpT6</latexit>
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M
core

' 10M�
<latexit sha1_base64="Yp3NjIYdPuJr2FgWBtsA+/K6oYQ="></latexit><latexit sha1_base64="Yp3NjIYdPuJr2FgWBtsA+/K6oYQ="></latexit><latexit sha1_base64="Yp3NjIYdPuJr2FgWBtsA+/K6oYQ="></latexit><latexit sha1_base64="Yp3NjIYdPuJr2FgWBtsA+/K6oYQ="></latexit>

MZ
<latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit><latexit sha1_base64="xlU8xzdYIRrSb/wj5rGLs3KjKjM="></latexit>

increases at the final formation stage



Mp = MXY +MZ
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Pollack et al 1996
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dust in gas

Planet Formation
via Core Accretion: 

Accretion of 
Gas and Solids 



Mp = MXY +MZ
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dust in gas

Core formation 

Oligarchic growth

Pebble accretion

e.g., Kokubo & Ida 2000

e.g., Johansen & Lambrechts 2017
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core
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:determined by disk properties
:independent of Mp
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Mp = MXY +MZ
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dust in gas

Shiraishi & Ida 2008

without planetesimal gaps 

with planetesimal gaps 

Planetesimal Accretion 
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<latexit sha1_base64="6IULvRI0hhBrd3/9BKPgXHInGR4=">AAACJHicjZBLSwMxFIUz9V1fVZdugkVwoXVGFAU3ohs3QgX7gLYOmUymhmZmQnJHKGF+jBv/ihsXPnDhxt9i+lioKHggcPjOvSQ5gRRcg+u+O4WJyanpmdm54vzC4tJyaWW1rtNMUVajqUhVMyCaCZ6wGnAQrCkVI3EgWCPonQ3yxi1TmqfJFfQl68Skm/CIUwIW+aXjdqQINeGFb6TIcxNCjttSpRJSPGD5tdnbPbAMSOab7jYmlFq2s2+hXyp7FXco/Lcpo7GqfumlHaY0i1kCVBCtW54roWOIAk4Fy4vtTDNJaI90WcvahMRMd8zwkznetCTEUarsSQAP6dcNQ2Kt+3FgJ2MCN/pnNoC/Za0MoqOO4YnMgCV0dFGUCWwbGDSGQ64YBdG3hlDF7VsxvSG2NbC9Fv9XQn2v4rkV73K/fHI6rmMWraMNtIU8dIhO0Dmqohqi6A49oCf07Nw7j86r8zYaLTjjnTX0Tc7HJwPWpPI=</latexit><latexit sha1_base64="6IULvRI0hhBrd3/9BKPgXHInGR4=">AAACJHicjZBLSwMxFIUz9V1fVZdugkVwoXVGFAU3ohs3QgX7gLYOmUymhmZmQnJHKGF+jBv/ihsXPnDhxt9i+lioKHggcPjOvSQ5gRRcg+u+O4WJyanpmdm54vzC4tJyaWW1rtNMUVajqUhVMyCaCZ6wGnAQrCkVI3EgWCPonQ3yxi1TmqfJFfQl68Skm/CIUwIW+aXjdqQINeGFb6TIcxNCjttSpRJSPGD5tdnbPbAMSOab7jYmlFq2s2+hXyp7FXco/Lcpo7GqfumlHaY0i1kCVBCtW54roWOIAk4Fy4vtTDNJaI90WcvahMRMd8zwkznetCTEUarsSQAP6dcNQ2Kt+3FgJ2MCN/pnNoC/Za0MoqOO4YnMgCV0dFGUCWwbGDSGQ64YBdG3hlDF7VsxvSG2NbC9Fv9XQn2v4rkV73K/fHI6rmMWraMNtIU8dIhO0Dmqohqi6A49oCf07Nw7j86r8zYaLTjjnTX0Tc7HJwPWpPI=</latexit><latexit sha1_base64="6IULvRI0hhBrd3/9BKPgXHInGR4=">AAACJHicjZBLSwMxFIUz9V1fVZdugkVwoXVGFAU3ohs3QgX7gLYOmUymhmZmQnJHKGF+jBv/ihsXPnDhxt9i+lioKHggcPjOvSQ5gRRcg+u+O4WJyanpmdm54vzC4tJyaWW1rtNMUVajqUhVMyCaCZ6wGnAQrCkVI3EgWCPonQ3yxi1TmqfJFfQl68Skm/CIUwIW+aXjdqQINeGFb6TIcxNCjttSpRJSPGD5tdnbPbAMSOab7jYmlFq2s2+hXyp7FXco/Lcpo7GqfumlHaY0i1kCVBCtW54roWOIAk4Fy4vtTDNJaI90WcvahMRMd8zwkznetCTEUarsSQAP6dcNQ2Kt+3FgJ2MCN/pnNoC/Za0MoqOO4YnMgCV0dFGUCWwbGDSGQ64YBdG3hlDF7VsxvSG2NbC9Fv9XQn2v4rkV73K/fHI6rmMWraMNtIU8dIhO0Dmqohqi6A49oCf07Nw7j86r8zYaLTjjnTX0Tc7HJwPWpPI=</latexit><latexit sha1_base64="6IULvRI0hhBrd3/9BKPgXHInGR4=">AAACJHicjZBLSwMxFIUz9V1fVZdugkVwoXVGFAU3ohs3QgX7gLYOmUymhmZmQnJHKGF+jBv/ihsXPnDhxt9i+lioKHggcPjOvSQ5gRRcg+u+O4WJyanpmdm54vzC4tJyaWW1rtNMUVajqUhVMyCaCZ6wGnAQrCkVI3EgWCPonQ3yxi1TmqfJFfQl68Skm/CIUwIW+aXjdqQINeGFb6TIcxNCjttSpRJSPGD5tdnbPbAMSOab7jYmlFq2s2+hXyp7FXco/Lcpo7GqfumlHaY0i1kCVBCtW54roWOIAk4Fy4vtTDNJaI90WcvahMRMd8zwkznetCTEUarsSQAP6dcNQ2Kt+3FgJ2MCN/pnNoC/Za0MoqOO4YnMgCV0dFGUCWwbGDSGQ64YBdG3hlDF7VsxvSG2NbC9Fv9XQn2v4rkV73K/fHI6rmMWraMNtIU8dIhO0Dmqohqi6A49oCf07Nw7j86r8zYaLTjjnTX0Tc7HJwPWpPI=</latexit>

dMpl

dt
/ M13/30

p ⌧�7/5
g,acc

<latexit sha1_base64="MisdRaT/QJwFJY5wLnDLHwHrzZU=">AAACJnicjZBLSwMxFIUzvq2vqks3wSK40DpjFd0IRTduhApWhbYOmUymDc3MhOSOUML8Gjf+FTcuKiLu/Cmmj4WKggcCh+/cS5ITSME1uO67MzE5NT0zOzdfWFhcWl4prq5d6zRTlNVpKlJ1GxDNBE9YHTgIdisVI3Eg2E3QPRvkN/dMaZ4mV9CTrBWTdsIjTglY5BdPmpEi1IQXvpEiz00IOW5KlUpI8YDld8ar7FVcS4FkvmnvYEKppbtHe4e5Xyx5ZXco/LcpobFqfrHfDFOaxSwBKojWDc+V0DJEAaeC5YVmppkktEvarGFtQmKmW2b4zRxvWRLiKFX2JICH9OuGIbHWvTiwkzGBjv6ZDeBvWSOD6LhleCIzYAkdXRRlAtsOBp3hkCtGQfSsIVRx+1ZMO8T2BrbZwv9KuN4ve27ZuzwoVU/HdcyhDbSJtpGHjlAVnaMaqiOKHtAT6qMX59F5dl6dt9HohDPeWUff5Hx8AgonpWk=</latexit><latexit sha1_base64="MisdRaT/QJwFJY5wLnDLHwHrzZU=">AAACJnicjZBLSwMxFIUzvq2vqks3wSK40DpjFd0IRTduhApWhbYOmUymDc3MhOSOUML8Gjf+FTcuKiLu/Cmmj4WKggcCh+/cS5ITSME1uO67MzE5NT0zOzdfWFhcWl4prq5d6zRTlNVpKlJ1GxDNBE9YHTgIdisVI3Eg2E3QPRvkN/dMaZ4mV9CTrBWTdsIjTglY5BdPmpEi1IQXvpEiz00IOW5KlUpI8YDld8ar7FVcS4FkvmnvYEKppbtHe4e5Xyx5ZXco/LcpobFqfrHfDFOaxSwBKojWDc+V0DJEAaeC5YVmppkktEvarGFtQmKmW2b4zRxvWRLiKFX2JICH9OuGIbHWvTiwkzGBjv6ZDeBvWSOD6LhleCIzYAkdXRRlAtsOBp3hkCtGQfSsIVRx+1ZMO8T2BrbZwv9KuN4ve27ZuzwoVU/HdcyhDbSJtpGHjlAVnaMaqiOKHtAT6qMX59F5dl6dt9HohDPeWUff5Hx8AgonpWk=</latexit><latexit sha1_base64="MisdRaT/QJwFJY5wLnDLHwHrzZU=">AAACJnicjZBLSwMxFIUzvq2vqks3wSK40DpjFd0IRTduhApWhbYOmUymDc3MhOSOUML8Gjf+FTcuKiLu/Cmmj4WKggcCh+/cS5ITSME1uO67MzE5NT0zOzdfWFhcWl4prq5d6zRTlNVpKlJ1GxDNBE9YHTgIdisVI3Eg2E3QPRvkN/dMaZ4mV9CTrBWTdsIjTglY5BdPmpEi1IQXvpEiz00IOW5KlUpI8YDld8ar7FVcS4FkvmnvYEKppbtHe4e5Xyx5ZXco/LcpobFqfrHfDFOaxSwBKojWDc+V0DJEAaeC5YVmppkktEvarGFtQmKmW2b4zRxvWRLiKFX2JICH9OuGIbHWvTiwkzGBjv6ZDeBvWSOD6LhleCIzYAkdXRRlAtsOBp3hkCtGQfSsIVRx+1ZMO8T2BrbZwv9KuN4ve27ZuzwoVU/HdcyhDbSJtpGHjlAVnaMaqiOKHtAT6qMX59F5dl6dt9HohDPeWUff5Hx8AgonpWk=</latexit><latexit sha1_base64="MisdRaT/QJwFJY5wLnDLHwHrzZU=">AAACJnicjZBLSwMxFIUzvq2vqks3wSK40DpjFd0IRTduhApWhbYOmUymDc3MhOSOUML8Gjf+FTcuKiLu/Cmmj4WKggcCh+/cS5ITSME1uO67MzE5NT0zOzdfWFhcWl4prq5d6zRTlNVpKlJ1GxDNBE9YHTgIdisVI3Eg2E3QPRvkN/dMaZ4mV9CTrBWTdsIjTglY5BdPmpEi1IQXvpEiz00IOW5KlUpI8YDld8ar7FVcS4FkvmnvYEKppbtHe4e5Xyx5ZXco/LcpobFqfrHfDFOaxSwBKojWDc+V0DJEAaeC5YVmppkktEvarGFtQmKmW2b4zRxvWRLiKFX2JICH9OuGIbHWvTiwkzGBjv6ZDeBvWSOD6LhleCIzYAkdXRRlAtsOBp3hkCtGQfSsIVRx+1ZMO8T2BrbZwv9KuN4ve27ZuzwoVU/HdcyhDbSJtpGHjlAVnaMaqiOKHtAT6qMX59F5dl6dt9HohDPeWUff5Hx8AgonpWk=</latexit>

⌧g,acc
<latexit sha1_base64="b3qn2LSqBiVGn0Pyi3NeouPpmUg=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBA8SNgVQY9BLx4jmAckS+idzCZDZmfXmd5AWPIdXjwo4tWP8ebfuHkcVBQsaCiquumigkRJS6774Swtr6yurRc2iptb2zu7pb39ho1Tw0Wdxyo2rQCtUFKLOklSopUYgVGgRDMYXk/95kgYK2N9R+NE+BH2tQwlR8olv0OYdrP+KUPOJ91S2au4M7C/SRkWqHVL751ezNNIaOIKrW17bkJ+hoYkV2JS7KRWJMiH2BftnGqMhPWzWegJO86VHgtjk48mNlO/XmQYWTuOgnwzQhrYn95U/M1rpxRe+pnUSUpC8/mjMFWMYjZtgPWkEZzUOCfIjcyzMj5Ag5zynor/K6FxVvHcind7Xq5eLeoowCEcwQl4cAFVuIEa1IHDPTzAEzw7I+fReXFe56tLzuLmAL7BefsEY++R1g==</latexit><latexit sha1_base64="b3qn2LSqBiVGn0Pyi3NeouPpmUg=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBA8SNgVQY9BLx4jmAckS+idzCZDZmfXmd5AWPIdXjwo4tWP8ebfuHkcVBQsaCiquumigkRJS6774Swtr6yurRc2iptb2zu7pb39ho1Tw0Wdxyo2rQCtUFKLOklSopUYgVGgRDMYXk/95kgYK2N9R+NE+BH2tQwlR8olv0OYdrP+KUPOJ91S2au4M7C/SRkWqHVL751ezNNIaOIKrW17bkJ+hoYkV2JS7KRWJMiH2BftnGqMhPWzWegJO86VHgtjk48mNlO/XmQYWTuOgnwzQhrYn95U/M1rpxRe+pnUSUpC8/mjMFWMYjZtgPWkEZzUOCfIjcyzMj5Ag5zynor/K6FxVvHcind7Xq5eLeoowCEcwQl4cAFVuIEa1IHDPTzAEzw7I+fReXFe56tLzuLmAL7BefsEY++R1g==</latexit><latexit sha1_base64="b3qn2LSqBiVGn0Pyi3NeouPpmUg=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBA8SNgVQY9BLx4jmAckS+idzCZDZmfXmd5AWPIdXjwo4tWP8ebfuHkcVBQsaCiquumigkRJS6774Swtr6yurRc2iptb2zu7pb39ho1Tw0Wdxyo2rQCtUFKLOklSopUYgVGgRDMYXk/95kgYK2N9R+NE+BH2tQwlR8olv0OYdrP+KUPOJ91S2au4M7C/SRkWqHVL751ezNNIaOIKrW17bkJ+hoYkV2JS7KRWJMiH2BftnGqMhPWzWegJO86VHgtjk48mNlO/XmQYWTuOgnwzQhrYn95U/M1rpxRe+pnUSUpC8/mjMFWMYjZtgPWkEZzUOCfIjcyzMj5Ag5zynor/K6FxVvHcind7Xq5eLeoowCEcwQl4cAFVuIEa1IHDPTzAEzw7I+fReXFe56tLzuLmAL7BefsEY++R1g==</latexit><latexit sha1_base64="b3qn2LSqBiVGn0Pyi3NeouPpmUg=">AAAB9HicjVDLSgNBEOz1GeMr6tHLYBA8SNgVQY9BLx4jmAckS+idzCZDZmfXmd5AWPIdXjwo4tWP8ebfuHkcVBQsaCiquumigkRJS6774Swtr6yurRc2iptb2zu7pb39ho1Tw0Wdxyo2rQCtUFKLOklSopUYgVGgRDMYXk/95kgYK2N9R+NE+BH2tQwlR8olv0OYdrP+KUPOJ91S2au4M7C/SRkWqHVL751ezNNIaOIKrW17bkJ+hoYkV2JS7KRWJMiH2BftnGqMhPWzWegJO86VHgtjk48mNlO/XmQYWTuOgnwzQhrYn95U/M1rpxRe+pnUSUpC8/mjMFWMYjZtgPWkEZzUOCfIjcyzMj5Ag5zynor/K6FxVvHcind7Xq5eLeoowCEcwQl4cAFVuIEa1IHDPTzAEzw7I+fReXFe56tLzuLmAL7BefsEY++R1g==</latexit>

: gas accretion timescale



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles

M
Z

= M
core

+M
pl

+M
pe

+M
Z,gas

<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas

Pebble Accretion e.g., Johansen & Lambrechts 2017

dMpe

dt
/ M2/3

p
<latexit sha1_base64="t/UMfDystKBEtmIZpUnkqQUdNeQ=">AAACEHicjVDLSsNAFJ3UV62vqEs3g0V0VZMq6LLoxo1QwT6giWUymbRDJ5NhZiKUkE9w46+4caGIW5fu/BunaRcqCh64cDjnXu69JxCMKu04H1Zpbn5hcam8XFlZXVvfsDe32ipJJSYtnLBEdgOkCKOctDTVjHSFJCgOGOkEo/OJ37klUtGEX+uxIH6MBpxGFCNtpL6970US4SyEl/1MkDzPQp1DT8hE6KTQ8pusfniU9+2qW3MKwL9JFczQ7NvvXpjgNCZcY4aU6rmO0H6GpKaYkbzipYoIhEdoQHqGchQT5WfFQzncM0oIo0Sa4hoW6teJDMVKjePAdMZID9VPbyL+5vVSHZ36GeUi1YTj6aIoZdA8O0kHhlQSrNnYEIQlNbdCPEQmIW0yrPwvhHa95jo19+q42jibxVEGO2AXHAAXnIAGuABN0AIY3IEH8ASerXvr0XqxXqetJWs2sw2+wXr7BAeznS8=</latexit><latexit sha1_base64="t/UMfDystKBEtmIZpUnkqQUdNeQ=">AAACEHicjVDLSsNAFJ3UV62vqEs3g0V0VZMq6LLoxo1QwT6giWUymbRDJ5NhZiKUkE9w46+4caGIW5fu/BunaRcqCh64cDjnXu69JxCMKu04H1Zpbn5hcam8XFlZXVvfsDe32ipJJSYtnLBEdgOkCKOctDTVjHSFJCgOGOkEo/OJ37klUtGEX+uxIH6MBpxGFCNtpL6970US4SyEl/1MkDzPQp1DT8hE6KTQ8pusfniU9+2qW3MKwL9JFczQ7NvvXpjgNCZcY4aU6rmO0H6GpKaYkbzipYoIhEdoQHqGchQT5WfFQzncM0oIo0Sa4hoW6teJDMVKjePAdMZID9VPbyL+5vVSHZ36GeUi1YTj6aIoZdA8O0kHhlQSrNnYEIQlNbdCPEQmIW0yrPwvhHa95jo19+q42jibxVEGO2AXHAAXnIAGuABN0AIY3IEH8ASerXvr0XqxXqetJWs2sw2+wXr7BAeznS8=</latexit><latexit sha1_base64="t/UMfDystKBEtmIZpUnkqQUdNeQ=">AAACEHicjVDLSsNAFJ3UV62vqEs3g0V0VZMq6LLoxo1QwT6giWUymbRDJ5NhZiKUkE9w46+4caGIW5fu/BunaRcqCh64cDjnXu69JxCMKu04H1Zpbn5hcam8XFlZXVvfsDe32ipJJSYtnLBEdgOkCKOctDTVjHSFJCgOGOkEo/OJ37klUtGEX+uxIH6MBpxGFCNtpL6970US4SyEl/1MkDzPQp1DT8hE6KTQ8pusfniU9+2qW3MKwL9JFczQ7NvvXpjgNCZcY4aU6rmO0H6GpKaYkbzipYoIhEdoQHqGchQT5WfFQzncM0oIo0Sa4hoW6teJDMVKjePAdMZID9VPbyL+5vVSHZ36GeUi1YTj6aIoZdA8O0kHhlQSrNnYEIQlNbdCPEQmIW0yrPwvhHa95jo19+q42jibxVEGO2AXHAAXnIAGuABN0AIY3IEH8ASerXvr0XqxXqetJWs2sw2+wXr7BAeznS8=</latexit><latexit sha1_base64="t/UMfDystKBEtmIZpUnkqQUdNeQ=">AAACEHicjVDLSsNAFJ3UV62vqEs3g0V0VZMq6LLoxo1QwT6giWUymbRDJ5NhZiKUkE9w46+4caGIW5fu/BunaRcqCh64cDjnXu69JxCMKu04H1Zpbn5hcam8XFlZXVvfsDe32ipJJSYtnLBEdgOkCKOctDTVjHSFJCgOGOkEo/OJ37klUtGEX+uxIH6MBpxGFCNtpL6970US4SyEl/1MkDzPQp1DT8hE6KTQ8pusfniU9+2qW3MKwL9JFczQ7NvvXpjgNCZcY4aU6rmO0H6GpKaYkbzipYoIhEdoQHqGchQT5WfFQzncM0oIo0Sa4hoW6teJDMVKjePAdMZID9VPbyL+5vVSHZ36GeUi1YTj6aIoZdA8O0kHhlQSrNnYEIQlNbdCPEQmIW0yrPwvhHa95jo19+q42jibxVEGO2AXHAAXnIAGuABN0AIY3IEH8ASerXvr0XqxXqetJWs2sw2+wXr7BAeznS8=</latexit>

The final formation stage is out 
of the scope of recent studies

the Hill regime is considered



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>
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�(MZ / M�
p )

<latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit>

�(Zp / M�
p )

<latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit>

M
core

<latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit>

Mpl
<latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit>

Mpl
<latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit>

Mpe
<latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit>

Gas accretion is limited by disk evolution, following Tanigawa & Ikoma 2007



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>

Planetesimals Pebbles
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>
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�(MZ / M�
p )

<latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit>

�(Zp / M�
p )

<latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit>

M
core
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Planets accreted solids from gapped planetesimal disks
at the final formation stage

Gas accretion is limited by disk evolution, following Tanigawa & Ikoma 2007



Mp = MXY +MZ
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dust in gas
⇥
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Dust accretion accompanying with gas accretion

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>

= Zs(Mp �MZ)
<latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit>



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

Dust accretion accompanying with gas accretion

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>

Contribution arising from 
gas accretion is negligible  

= Zs(Mp �MZ)
<latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit>



Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

Dust accretion accompanying with gas accretion

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

MZ,gas = ZsMXY
<latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit><latexit sha1_base64="HzbfhdvSa0/lGZnDGQa6FMXz6F0="></latexit>

Contribution arising from 
gas accretion is negligible  

= Zs(Mp �MZ)
<latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit><latexit sha1_base64="UrHBmCvlg/jzqWomXuPTfMcM4y0=">AAAB+HicjVDLSsNAFL2pr1ofjbp0M1iEurAkIuhGKLpxU6hgH7QNYTKdtEMnkzAzEWrol7hxoYhbP8Wdf+P0sVBR8MCFwzn3cg8nSDhT2nE+rNzS8srqWn69sLG5tV20d3abKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gpGV1O/dUelYrG41eOEehEeCBYygrWRfLt4gTq+QuWanxzX/M6Rb5fcijMD+puUYIG6b7/3+jFJIyo04Viprusk2suw1IxwOin0UkUTTEZ4QLuGChxR5WWz4BN0aJQ+CmNpRmg0U79eZDhSahwFZjPCeqh+elPxN6+b6vDcy5hIUk0FmT8KU450jKYtoD6TlGg+NgQTyUxWRIZYYqJNV4X/ldA8qbhOxb05LVUvF3XkYR8OoAwunEEVrqEODSCQwgM8wbN1bz1aL9brfDVnLW724Bust09OJZGN</latexit>

The dust abundance in the
accreted gas is similar to  Zs

<latexit sha1_base64="ybHXdt/dYVqUj1D7XoyWwIfV1+E=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOepMhszPLzKwQlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olRwY33/wyssLa+srhXXSxubW9s75d29plGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hocuq37lEbruStHacYJnQgecwZtU66ueuZXrkSVP0ZyN+kAgvUe+X3bl+xLEFpmaDGdAI/tWFOteVM4KTUzQymlI3oADuOSpqgCfPZqRNy5JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwe5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NkT3qP34r3OWwveYmYfvsF7+wRGaY3H</latexit><latexit sha1_base64="ybHXdt/dYVqUj1D7XoyWwIfV1+E=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOepMhszPLzKwQlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olRwY33/wyssLa+srhXXSxubW9s75d29plGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hocuq37lEbruStHacYJnQgecwZtU66ueuZXrkSVP0ZyN+kAgvUe+X3bl+xLEFpmaDGdAI/tWFOteVM4KTUzQymlI3oADuOSpqgCfPZqRNy5JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwe5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NkT3qP34r3OWwveYmYfvsF7+wRGaY3H</latexit><latexit sha1_base64="ybHXdt/dYVqUj1D7XoyWwIfV1+E=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOepMhszPLzKwQlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olRwY33/wyssLa+srhXXSxubW9s75d29plGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hocuq37lEbruStHacYJnQgecwZtU66ueuZXrkSVP0ZyN+kAgvUe+X3bl+xLEFpmaDGdAI/tWFOteVM4KTUzQymlI3oADuOSpqgCfPZqRNy5JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwe5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NkT3qP34r3OWwveYmYfvsF7+wRGaY3H</latexit><latexit sha1_base64="ybHXdt/dYVqUj1D7XoyWwIfV1+E=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOTJcxOepMhszPLzKwQlnyCFw+KePWLvPk3Th4HFQULGoqqbrq7olRwY33/wyssLa+srhXXSxubW9s75d29plGZZthgSijdjqhBwSU2LLcC26lGmkQCW9Hocuq37lEbruStHacYJnQgecwZtU66ueuZXrkSVP0ZyN+kAgvUe+X3bl+xLEFpmaDGdAI/tWFOteVM4KTUzQymlI3oADuOSpqgCfPZqRNy5JQ+iZV2JS2ZqV8ncpoYM04i15lQOzQ/van4m9fJbHwe5lymmUXJ5oviTBCryPRv0ucamRVjRyjT3N1K2JBqyqxLp/S/EJon1cCvBtenldrFIo4iHMAhHEMAZ1CDK6hDAxgM4AGe4NkT3qP34r3OWwveYmYfvsF7+wRGaY3H</latexit>



Critical core mass and runaway gas accretion

Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>



Critical core mass and runaway gas accretion

Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

Runaway gas accretion
occurred for planets 
with Mp > 100M�

<latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit>



Critical core mass and runaway gas accretion

Mp = MXY +MZ
<latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit><latexit sha1_base64="9qjysWOcar+5O3RP+utM1pnWYd8=">AAAB/HicjVDLSsNAFL3xWesrPnZuBosgCCURQV0IRTduChWMrbYhTKaTduhkEmYmQg3BX3HjQsWtH+LOvzFpu1BR8MCFwzn3cg/HjzlT2rI+jKnpmdm5+dJCeXFpeWXVXFu/UlEiCXVIxCPZ8rGinAnqaKY5bcWS4tDntOkPzgq/eUulYpG41MOYuiHuCRYwgnUueeZm3YvRCap7aes6Q3sFuck8s2JXrRHQ36QCEzQ8873TjUgSUqEJx0q1bSvWboqlZoTTrNxJFI0xGeAebedU4JAqNx2lz9BOrnRREMl8hEYj9etFikOlhqGfb4ZY99VPrxB/89qJDo7clIk40VSQ8aMg4UhHqKgCdZmkRPNhTjCRLM+KSB9LTHReWPl/JTj71eOqfXFQqZ1O2ijBFmzDLthwCDU4hwY4QOAOHuAJno1749F4MV7Hq1PG5GYDvsF4+wSpnJOh</latexit>
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<latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit><latexit sha1_base64="UtUDNVvZoSljTlTgtLySDJuPVI4="></latexit>

dust in gas
⇥

<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

⇥
<latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit><latexit sha1_base64="hv+BcDpYU3P2eGtWT31BWYmDHuk="></latexit>

Runaway gas accretion
occurred for planets 
with Mp > 100M�

<latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit><latexit sha1_base64="roGY9b4p5clAgGPtMtxcDi+9nsg=">AAAB/HicjVDLSgMxFL1TX7W+xsfOTbAIrsqMCOpGim7cFCo4ttAOQyZN29DMJCQZoQ7FX3HjQsWtH+LOvzF9LFQUPHDhcM693MOJJWfaeN6HU5ibX1hcKi6XVlbX1jfcza0bLTJFaEAEF6oZY005S2lgmOG0KRXFScxpIx5cjP3GLVWaifTaDCUNE9xLWZcRbKwUuTu1SKIz5HseqkV5W0ie6VHklv2KNwH6m5Rhhnrkvrc7gmQJTQ3hWOuW70kT5lgZRjgdldqZphKTAe7RlqUpTqgO80n6Edq3Sgd1hbKTGjRRv17kONF6mMR2M8Gmr396Y/E3r5WZ7kmYs1RmhqZk+qibcWQEGleBOkxRYvjQEkwUs1kR6WOFibGFlf5XQnBYOa34V0fl6vmsjSLswh4cgA/HUIVLqEMABO7gAZ7g2bl3Hp0X53W6WnBmN9vwDc7bJ+Apk8g=</latexit>

Some mechanisms are needed
for some exoplanets to avoid 
runaway gas accretion



Power-law 
index T16 (w/o Gap) (w/ Gap)
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�(MZ / M�
p )

<latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit>

�(Zp / M�
p )

<latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit><latexit sha1_base64="8Z8q39AM2V4b7s6DlVfpcRs0twE=">AAACCHicjVDLSgMxFM3UV62vUZcuDBahbsqMCLosunEjVLAP7IxDJk3b0EwSkoxQhi7d+CtuXCji1k9w59+YTrtQUfDAhcM593LvPbFkVBvP+3AKc/MLi0vF5dLK6tr6hru51dQiVZg0sGBCtWOkCaOcNAw1jLSlIiiJGWnFw7OJ37olSlPBr8xIkjBBfU57FCNjpcjdDWJiEKxcRxIGUglpBLyI5E2W6+ODyC37VS8H/JuUwQz1yH0PugKnCeEGM6R1x/ekCTOkDMWMjEtBqolEeIj6pGMpRwnRYZY/Mob7VunCnlC2uIG5+nUiQ4nWoyS2nQkyA/3Tm4i/eZ3U9E7CjHKZGsLxdFEvZdB+O0kFdqki2LCRJQgram+FeIAUwsZmV/pfCM3Dqu9V/cujcu10FkcR7IA9UAE+OAY1cA7qoAEwuAMP4Ak8O/fOo/PivE5bC85sZht8g/P2CbFTmSA=</latexit>

M
core
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Comparison with 
previous studies

(Mordasini+ 2014)
(Kreidberg+ 2014)

Gas accretion is limited by disk evolution, following Tanigawa & Ikoma 2007
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M
core

<latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit><latexit sha1_base64="GXUilPZH/z7APjVYR8t78oCN9uw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGQHGFvM0mW7O2eu3tCOPInbCwUsfXv2Plv3CRXaOKDgcd7M8zMixLBjfX9b6+wsrq2vlHcLG1t7+zulfcPmkalmmGDKaF0K6IGBZfYsNwKbCUaaRwJfIhG11P/4Qm14Ure23GCYUwHkvc5o9ZJrdtuxpTGSbdc8av+DGSZBDmpQI56t/zV6SmWxigtE9SYduAnNsyotpwJnJQ6qcGEshEdYNtRSWM0YTa7d0JOnNIjfaVdSUtm6u+JjMbGjOPIdcbUDs2iNxX/89qp7V+GGZdJalGy+aJ+KohVZPo86XGNzIqxI5Rp7m4lbEg1ZdZFVHIhBIsvL5PmWTXwq8HdeaV2lcdRhCM4hlMI4AJqcAN1aAADAc/wCm/eo/fivXsf89aCl88cwh94nz8+q5AX</latexit>

Mpl
<latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit>

Mpl
<latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit><latexit sha1_base64="YOVjKrNWzvpH0fyR/SakPoIqclU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmiZh0S2W/4s9AlkmQkzLkqHVLX52eYmmM0jJBjWkHfmLDjGrLmcBJsZMaTCgb0QG2HZU0RhNms2sn5NQpPdJX2pW0ZKb+nshobMw4jlxnTO3QLHpT8T+vndr+VZhxmaQWJZsv6qeCWEWmr5Me18isGDtCmebuVsKGVFNmXUBFF0Kw+PIyaZxXAr8S3F+Uq9d5HAU4hhM4gwAuoQq3UIM6MHiEZ3iFN095L9679zFvXfHymSP4A+/zB7jXjzY=</latexit>

Mpe
<latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit><latexit sha1_base64="BA3yg/EiGCTFtMjp+9LyX6wWHB4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04kWIYB6QLGF20knGzM4sM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUSK4sb7/7a2srq1vbBa2its7u3v7pYPDhlGpZlhnSijdiqhBwSXWLbcCW4lGGkcCm9HoZuo3n1AbruSDHScYxnQgeZ8zap3UuOtmCU66pbJf8WcgyyTISRly1Lqlr05PsTRGaZmgxrQDP7FhRrXlTOCk2EkNJpSN6ADbjkoaowmz2bUTcuqUHukr7UpaMlN/T2Q0NmYcR64zpnZoFr2p+J/XTm3/Ksy4TFKLks0X9VNBrCLT10mPa2RWjB2hTHN3K2FDqimzLqCiCyFYfHmZNM4rgV8J7i/K1es8jgIcwwmcQQCXUIVbqEEdGDzCM7zCm6e8F+/d+5i3rnj5zBH8gff5A640jy8=</latexit>

(Mordasini+ 2014)
(Kreidberg+ 2014)

Comparison with 
previous studies

Gas accretion is limited by disk evolution, following Tanigawa & Ikoma 2007

Our model can reproduce
the results of Mordasini
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<latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit><latexit sha1_base64="igSr0N6jsVbiUhaNXeQWbv62jdg=">AAACCnicjVDLSgMxFM3UV62vUZduokWomzIjgi6LLnRTqGAf2BmHTJq2ockkJBmhDF278VfcuFDErV/gzr8xfSxUFDxw4XDOvdx7TywZ1cbzPpzc3PzC4lJ+ubCyura+4W5uNbRIFSZ1LJhQrRhpwmhC6oYaRlpSEcRjRprx4GzsN2+J0lQkV2YoSchRL6FdipGxUuTuBueIcwRL1egaBlIJaQSsRvImmxqjg8gt+mVvAvg3KYIZapH7HnQETjlJDGZI67bvSRNmSBmKGRkVglQTifAA9Ujb0gRxosNs8soI7lulA7tC2UoMnKhfJzLEtR7y2HZyZPr6pzcWf/PaqemehBlNZGpIgqeLuimD9t1xLrBDFcGGDS1BWFF7K8R9pBA2Nr3C/0JoHJZ9r+xfHhUrp7M48mAH7IES8MExqIALUAN1gMEdeABP4Nm5dx6dF+d12ppzZjPb4Buct0+ul5mf</latexit>
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(Mordasini+ 2014)
(Kreidberg+ 2014)

Evolution of atmospheric 
metallicities in exoplanets 

can be explored

Our model can reproduce
the results of Mordasini

Comparison with 
previous studies

Gas accretion is limited by disk evolution, following Tanigawa & Ikoma 2007



Rocky 
(super)Earths Gas-poor sub-giants Gas-rich giants

Stars

Classification of observed exoplanets



Summary
• Observed warm Jupiters tend to have correlations:

• We show that accretion of solids from gapped 
planetesimal disks can reproduce the above trends better

• Our results indicate that core formation, pebble accretion, and 
dust accretion accompanying gas accretion are not important

• Runaway gas accretion is avoided for some planets with 
mass of

• Our analysis can reproduce the results of detailed 
population synthesis calculations (Mordasini et al 2014)

• Our results suggest that evolution of atmospheric 
metallicities can be explored in the               diagram  

Hasegawa et al. 2018, submitted
(arXiv:1807.05305)
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Coupling of Disk Observations
with Dust Growth Models
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JWSTWe will specify the distribution
of planet-forming materials in disks

First Stage

Dust
Size

JVLA
Data



~ micron ~ mm ~ m ~ km 103~      km Size

Planetesimal Formation & Origins of Asteroids
Scenario 1:  Chondrule accretion

Scenario 2:  Chondrule accumulation OSIRIS-REx

Dawn

We will identify formation 
mechanism(s) of planetesimals

WFIRST Second Stage
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Coupling of Exoplanet Observations
with Planet Formation Theory                           

We will link formation mechanisms 
of (exo)planets to their atmosphere

Hasegawa et al 2018 Kreidberg et al 2014
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Summary

• Planet formation is the long journey from small dust grains 
to large planets

• A number of important advances in planet formation over 
full range of scales

• As examples, theoretical modeling of the HL Tau disk and 
the origin of heavy elements in observed exoplanets are 
discussed

• further synergies between planetary and exoplanetary 
sciences will be undertaken to draw a better picture of 
planet formation and examine the origin of the solar and 
extrasolar planetary systems


